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Abstract
Road traffic represents one of the largest sources of pollution in urban areas. Besides carbon dioxide and water
vapor other combustion products are emitted as a consequence of fuel combustion in engines, such as carbon
monoxide, hydrocarbons, nitrogen oxides, char etc. In this paper, the assessment of carbon monoxide emissions
from road traffic in the city of Niš was carried out. On the basis of the road traffic fleet composition and
measurements conducted during technical inspection of vehicles, an assessment of carbon monoxide emission was
done and possibilities for its reduction were analyzed.
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Introduction
Impact of pollutants, as a consequence of a road traffic activity (CO, NOx, SO2, SOx, VOC) has
been very well documented (Nejadkoorki, et al., 2008), (Machadol, 2004). Due to the growing
need for mobility, the road traffic is becoming a growing source of the pollution. Countries with
rapid urbanization, such as India and China (Nesamani, 2010), (Du, Geng & Sun, 2009) are
becoming increasingly dependent on automobile transport, which is becoming a major air
pollutant in urban areas (Nesamani, 2010), (Sturm, et al., 1997), (Zivkovic, et al., 2010).
Similarly, in the city of Niš, carbon dioxide emissions from road traffic represents as much as
38% of the total anthropogenic emissions (Zivkovic, et al., 2010). Although the measurement of
gas concentrations itself is not difficult, a closer determination of traffic sources is very
complicated considering its stochastic nature (Du, Geng & Sun, 2009). For this reason, the
different methods for modeling emissions from traffic are emerging. Such estimates are of great
importance for more efficient management of air quality. An emission from traffic depends on
many parameters: vehicle type, engine displacement, age, fuel and its usage. Such data, when
they are sufficiently determined, could be used for building a national inventory of emissions
(Machadol, 2004), (Baldasano, 1998), (National Atmospheric Emissions Inventory, 2003). In
recent years there have been significant efforts in determining emissions in the function of
engine types, engine displacement and the cruising speed (Andre & Hammarstrom, 2000),
(Washburn, Seet &Mannering, 2001), (Nesamania, et al., 2007). Based on these studies, various
models for prediction of gaseous emissions were developed (Nejadkoorki, et al., 2008),
(Machadol, 2004), (Haan & Keller, 2000), (Kassomenos, Karakitsios & Papaloukas, 2006).
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An estimation of road traffic emission in the City of Niš was done on the basis of vehicle specific
emission data, number of vehicles in the city and used fuel. Further measurements for their
reduction were proposed.
Road traffic fleet in the city of Niš
According to data obtained by IT Sector - MUP Niš in the year 2010 vehicle fleet consisted of
60720 personal vehicles. According to the type of fuel used by cars, the largest number of cars
runs on gasoline - approximately 63% (Figure 1). Figures 2 and 3 shows data on the composition
of the fleet at the age of the vehicle or the engine capacity. Based on these data, it could be
concluded that the average vehicle in the city of Niš is about 14 years old and has a engine
displacement of 1.4 litters.

Figure 1. Vehicle fleet composition in respect to fuel

Figure 2. Vehicle fleet composition in respect to age

66

Online Journal of Applied Knowledge Management
A Publication of the International Institute for Applied Knowledge Management

Volume 2, Issue 3, 2014
Special Issue: Applied Protection & Its Trends

Figure 3. Vehicle fleet composition in respect to engine displacement
Carbon monoxide emission from personal vehicles with gasoline
engines
For a theoretical consideration of carbon monoxide emissions from gasoline combustion,
isooctane combustion model was used. For the combustion analysis GASEQ software package
was used (Gaseq 2014). The simulation results are shown in tab. 1.
Table 1. Emissions from isooctane combustion
Component

Volume composition r [%]

Mass composition g [%]

N2

72,1

71,58

H2O

13,2

8,43

CO2

10,35

16,1

CO

1,97

1,96

O2

0,68

0,77

NOx

0,7

0,74

Rest

1<

1<

As it was expected results of simulation have shown nitrogen, carbon dioxide and water vapor
makes more than 95% of volume and mass composition. Next component in the table is the
carbon monoxide with 1.97 volume percent, or 1.96 weight percent. In the tab. 2 the results of
carbon monoxide volume share measurements are presented. Measurements of exhaust gases at
technical inspection are presented in the tab. 2. As shown in the table the average emissions of
carbon monoxide values 1.4 volume percents, which approximately corresponds to its the mass
fraction (tab. 1). Considering the fact that the weight percentages of carbon monoxide and carbon
dioxide are mutually dependent, and that the emission factor is directly proportional to mass
fraction, the following proportions could be written:
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(1)

where ECO2,gas and ЕCO,gas represents emission factors of carbon dioxide and carbon monoxide
per kilometer for gasoline engines and gCO2,gas and gCO,gas represents mass fraction of carbon
dioxide and carbon monoxide. Based on the research presented in the paper (Milutinović &
Tomić, 2012). the value of carbon dioxide emissions factor for vehicles with gasoline engines is
241 gkm-1. Hence, the emission factor for carbon monoxide emission for gasoline engines is
.

(2)

The high value of the emission factor could be explained with old engine technology, as well as
with age of the vehicle fleet.

Table 2. A review of carbon monoxide emission for vehicles sampled at technical inspection
Vehicle
type

Fuel
type

Vehicle age
[years]

Engine power
[kW]

Engine
displacemet
[cm3]

Carb.
mon. em.
[%]

Peugeot 206

Unlead gasoline

12

55

1360

0.8

Renault Clio 1.4

Unlead gasoline

13

55

1390

1.4

Fiat Punto 1.2

Unlead gasoline

12

44

1242

1.7

Unlead gasoline

13

44

1124

1.4

Unlead gasoline

16

59

1370

1.4

Unlead gasoline

12

77

1598

1.4

-

14

56

1347

1.35

Peugeot
106 1,1 sport
Fiat Brava sx
Vw Golf
1.6 16v basis
Average

Carbon monoxide emission from personal vehicles with diesel
engines
In a study which was conducted by the Croatian Center for Vehicles (2004), the values of carbon
monoxide, NOx, hydro-carbonates and char emissions were studied and their relative ratios were
established for gasoline and diesel engines. It was found that the emission of carbon monoxide
from diesel engines is 2.75 times lower than emissions from gasoline engines (fig. 4). According
to that, from the value obtained in eq. (2) carbon monoxide emission factor for diesel engines is
equal to:
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(3)

Figure 4. Comparison of exhaust emissions from diesel and gasoline engines (Croatian Center
for Vehicles, 2004)
Carbon monoxide emission from personal vehicles with lpg engines
Liquefied petroleum gas - LPG is a very suitable fuel, viewed from the ecological point of view.
In the combustion LPG easily forms a mixture with air and burns well, wherein the products of
incomplete combustion (carbon monoxide, carbon black, carbon monoxide etc.) are formed in
very small amounts. In comparison to gasoline, emissions of carbon monoxide are up to 1.8
times lower (Health & Environment, 2014) and it is closer to the emissions from combustion of
diesel fuel. Therefore the emission factor of carbon monoxide for LPG engines is
(4)

Possibilities for reduction the total emission of carbon monoxide
For the study of possibilities for carbon monoxide emissions reduction from the road traffic, four
scenarios were analyzed:
1. Scenario 1 - busyness-as-usual;
2. Scenario 2 - LPG driven gasoline engines;
3. Scenario 3 - partly renewed fleet;
4. Scenario 4 - totally renewed fleet.
Based on data fleet composition data (fig. 1-3) and obtained emission factors (eq. 2- 4), a mean
value of the carbon monoxide an average emission factor for could be calculated, and for the first
scenario it is equal to:

69

Online Journal of Applied Knowledge Management
A Publication of the International Institute for Applied Knowledge Management

Volume 2, Issue 3, 2014
Special Issue: Applied Protection & Its Trends

(5)

If it is assumed that the vehicles in the city are driven 10 km per day, an annual emissions could be
estimated for the entire fleet - 3387 tyr-1.
The total carbon monoxide emission could be reduced, if the LPG was used instead of gasoline, thus by
averaging the emission factor for the second scenario the average emission factor is
(6)

and therefore the annual emission of carbon monoxide 2187 tyr-1.
Further, if it is assumed that one third of vehicle were substituted by newer vehicles up to 5 years
old (scenario 3), which are by EURO V standards with carbon monoxide emission of 0.5 g
(European emission standards, 2014), then the mean value of emission factor is equal to
(7)

and overall annual emission 2403 tyr-1.
In the last scenario it was assumed that vehicle fleet was completely according to EURO V
standards (Health & Environment, 2014) and thus the total annual emissions would be less than
106 tyr-1, so it is clear that the largest emission reductions could be achieved by the fourth
scenario. In this scenario the total emissions of carbon monoxide is only the 3% from the current
value presented by the first scenario (tab. 3). However, considering the current economic
situation this scenario is very unlikely. The following most favorable scenario is the second one.
In the second scenario the annual emission in comparison to the first scenario is reduced for 1200
tyr -1. Almost the same result could be obtained in the third scenario, thus if the ratio of prices
LPG and gasoline were taken into account the second scenario is the most realistic for reducing
of carbon monoxide emission.
Tab 3 Emissions factors of carbon monoxide and total annual emissions for different scenarios

Emission factor
[gkm-1]
Overall emission
[tyr-1]

Scenario 1

Scenario 2

Scenario 3

Scenario 4

15,98

10,32

10,8

0,5

3387

2187

2403

106

Conclusion
In this paper methodology for determining carbon monoxide emission from the road traffic in the
city of Niš are presented. On the basis of measurements and simulations the emission factors for
the different vehicle types and for the entire vehicle fleet were calculated. The results showed
that given the current composition of the fleet, there are significant opportunities to reduce
emissions and improve air quality.
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